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Background
In RAN 4 #89 a WF on NR MIMO OTA tests was approved [1]. For FR2 it was agreed that the 3D MPAC methodology for Urban Micro street canyon and indoor scenarios shall be studied initially. 
 · FR2 static 
· Urban Micro street canyon, Indoor

· 3D MPAC methodology shall be studied as the starting point for FR2 MIMO OTA
· The optimized probe locations and number of probes need to be studied based on the scenarios, the CDL models, and BS antenna assumptions
· Far-field criteria and test zone should be studied

· Working Assumption: 
· For FR2: BS antenna is 8x16 with uniform rectangular array (URA) with half wavelength inter-element spacing



It was also agreed in [1] that the CDL-A, CDL-B and CDL-C models in TR38.901 will serve as baseline for channel model scaling. In this contribution we discuss some points regarding NR MIMO OTA tests for FR2 in Urban Micro street canyon. 
In this T-doc we discuss some aspects which can be implemented for MIMO OTA tests at FR2. 
Channel model for FR2 in Urban Micro Street Canyon
2.1 Reduced number of clusters at FR2 MIMO OTA tests
Currently, there are more than 20 clusters in CDL-A, CDL-B and CDL-C channel models and the distribution of the Angle of Departures (AoD) and the Angle of Arrivals (AoA) are dispersive. However, one noticeable difference between FR2 and FR1 is that the channel is sparser [2-3-9-10] at FR2. Compared to sub 6 GHz, the less number of significant clusters together with the less dispersive Angular Spread (AS) at FR2, will provide the possibility to simplify the channel model and test setup [4] and [5].
Since beamforming will be performed at both the BS and UE, a beam will be formed towards a single cluster (or a group of clusters with similar AoDs, AoAs) and the energy for the other clusters will be significantly less than it would have been at sub 6 GHz. Therefore it should be sufficient to test the static MIMO OTA in a 3D MPAC with a reduced number of clusters which are within limited AoDs in CDL-A, CDL-B and CDL-C models respectively. Such a simplified testing principle will also benefit from a reduced number of required probes in an MPAC.
For an 8x16 element, uniform rectangular array (URA), half wavelength inter element spacing, BS antenna, the typical half power beamwidth (HPBW) will be about 15° in azimuth and about 8° in elevation (see Fig. 1) The first null beamwidth (FNBW) is about 30° in azimuth and about 15° in elevation. The strongest side-lobe is 13 dB lower than the main lobe. It was approved in [6] to include the BS antenna patterns in a NR OTA test. With such a configuration only the clusters within the beamwidth of the main lobe will be needed for each measurement (see Fig. 2.). 
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Figure 1. Antenna radiation pattern of a dual-polarized 8x16 URA patch array at azimuth and elevation plane.
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Figure 2.  The illustration of reduced number of clusters when beamforming is performed at the BS.

Observation 1: It is sufficient to test the static MIMO OTA in a 3D MPAC with a reduced number of clusters and which are within limited AoAs in CDL-A, CDL-B and CDL-C models. The channel model of each measurement can be simplified based on the beamwidth of the main lobe of the BS antenna panels.

If beamforming of the BS is going to be included in the channel model, multiple measurements will however be needed for each position of the UE. This is in order to test the UE performance with different beams (or different group of beams) from the BS (see Fig. 3). As the spherical coverage of the UE is limited, strong clusters may not be visible for the UE (or visible with very weak antenna gain), and thus even the weak clusters cannot be removed from the measurement. 
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Figure 3.  The illustration of measurements with BS beamforming.

Observation 2: Multiple measurements will be needed for each UE position to test the performance with beamforming from the BS. The weak clusters cannot be removed from the measurement since the spherical coverage of UE is unknown. 
2.2 LoS scenario for FR2 MIMO OTA tests
Due to the limited coverage of a gNB at FR2, the likelihood of the UE to appear in the LoS region of the BS becomes higher. The LoS test scenario shall therefore be considered. 
Observation 3: The LoS test scenario shall be considered at the FR2 MIMO OTA test. 
User Body Blockage 
The blockage effect from a user body is more prominent at FR2 than at FR1 [7] and [8] (see Fig. 4). Considering the smaller AS and the less number of clusters mentioned, the user body blockage effect will be critical at FR2. Currently, there is no requirement on UE RF performance including the user body effects. There is a risk that the results of OTA tests at FR2 cannot indicate the real-life performance. Therefore the user body phantom shall be included in MIMO OTA tests at FR2. 
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Figure 4.  Measured shadowing region from a UE spherical coverage test due to the user body blockage at 28 GHz.

Observation 4: In order to better reflect a real user scenario, a body phantom should be included at FR2 MIMO OTA tests.
Conclusion
[bookmark: _GoBack]In this contribution, we have discussed possible scenarios of significance when developing MIMO OTA measurements at mmWave. Specifically, a reduced number of clusters compared to TR 38.901 and the fact that LoS scenarios likely will happen at mmWave, this should be considered when defining the channel models. Moreover, it was observed that a user body phantom needs to be included in the MIMO OTA tests at FR2. 
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AoA #1: stronger cluster but weaker beamforming gain from UE




image6.jpeg
BS

AoA #2: weaker cluster but stronger beamforming gain from UE




image7.png




image1.png
Farfield (Array) Realzed Gain Abs (Phi=90)

0

180

Theta / Degree vs. dBi

farfield (=28) [1]

Frequency = 28 GHz
Main lobe magniude = 25.7 dBi
Main lobe direction = 90.0 deg.
Angular width (3 dB) = 12.7 deg.
Side lobe level = -13.4 dB





